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(54) Apparatus for aligning a semiconductor wafer with an inspection contactor 



(57) An aligning apparatus includes a first image 
pickup camera (28) for picking up an image of an inspec- 
tion contactor (50), a moving body located so as to be 
movable in X-, Y-, Z- and 0-directions and having the 
first image pickup camera fixed thereon, a wafer bearer 
capable of being located on the moving body and sup- 
porting a semiconductor wafer, a control circuit for con- 
trolling movements of the moving body moved in the in- 
dividual directions, and a s econd ima ge_eic_isua.camera 
(31 ) for picking up an image of the semiconductor wafer 



on the bearer moving under the control of the control 
circuit. Positions for the first and second image pickup 
cameras to pick up the images are stored, the first image 
pickup camera picks up an image of the contact, the po- 
sition of the contact is stored, the second image pickup 
camera picks up an image of an electrode of a chip cor- 
responding to the contact, the position of the electrode 
is stored, and then the contact and the electrode are 
aligned with each other in accordance with the respec- 
tive positions of the contact and the electrode. 
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D scription 

The present invention relates to an apparatus for 
aligning a semiconductor wafer with an inspection con- 
tactor, and more particularly, to an apparatus for achiev- 
ing alignment between a semiconductor wafer and an 
inspection contactor, whereby a plurality of contacts 
formed on the contactor and their corresponding elec- 
trode pads of each of a plurality of chips formed on the 
wafer are aligned when they are connected electrically 
to one another by being brought collectively into touch 
with one another. 

Manufacturing processes for semiconductor wafers 
include an inspection process in which a large number 
of IC chips that are formed on the surface of each sem- 
iconductor wafer (hereinafter referred to simply as "wa- 
fer") are subjected to various electrical inspections with- 
out changing the wafer conditions. In this inspection 
process, nondetective wafers that carry no defective 
chips thereon are sorted out. (defective ones with de- 
fective I C chips thereon.) Only the nondetective wafers 
are subjected to the next process, such as a semicon- 
ductor device assembling process, whereupon individ- 
ual semiconductor devices are completed as products. 
Thus, the yield of the products is improved, in atypical 
example of the inspection process, the individual IC 
chips are inspected by successively bringing the elec- 
trode pads of each IC chip into touch with probes of a 
probe card. In another example, all the IC chips of each 
wafer are simultaneously inspected in one lot by bring- 
ing ail the electrode pads corresponding to the IC chips 
and a plurality of contacts of an inspection contactor 
(hereinafter referred to simply as "contactor') corre- 
sponding to the pads into touch with one another at a 
time. 

According to the latter process in which the IC chips 
of each wafer are inspected collectively, the contactor 
and the wafer are opposed to each other, and a plurality 
of bumps, as references for the contactor, and their cor- 
responding electrode pads, as references for the wafer, 
are successively aligned with one another in a manner 
such that their respective positions are visually ob- 
served to be ascertained. The bumps and the electrode 
pads are brought collectively into touch with one another 
after they are aligned with success. After this is done, 
the electrical inspections are conducted by using spe- 
cific inspection devices, and the chips of the wafers are 
ch eked for conformity. Based on the result of this 
check, nondetective wafers are distinguished from de- 
fective ones. 

Conventionally, the bumps of a contactor and the 
electrode pads of a wafer are aligned under visual ob- 
servation, as described above. Accordingly, aligning the 
bumps and their corresponding lectrode pads is not an 
efficient operation, costing an operator prolonged labor 
and increasing the op rator's burden. Since the accu- 
racy of alignment varies depending on individual oper- 
ators, moreover, it is difficult to obtain a steady state of 



constant. 

The object of the present invention is to provide an 
apparatus for aligning a wafer with a contactor, capable 
of quickly aligning all contacts used fbrthe inspection of 
5 an inspection contactor and their corresponding elec- 
trode pads of a wafer with high accuracy. 

The invention can be more fully understood from the 
following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

10 

FIG. 1 is a perspective view schematically showing 
an outline of an embodiment of an alignment appa- 
ratus according to the present invention; 
FIG. 2 is a front view showing the interior of the 
*5 alignment apparatus of FIG. 1; 

FIG. 3 is a plan view showing the interior of the 
alignment apparatus of FIG. 1; 
FIG. 4 is a perspective view mainly showing a mov- 
ing body of the alignment apparatus of FIG. 1 and 
a drive mechanism therefor; 

FIGS. 5A and 5B are enlarged views of a wafer 
bearer shown in FIGS. 1 to 4, in which FIG. 5A is a 
perspective view, and FIG. 5B is an enlarged sec- 
tional view corresponding to a part of FIG. 5A; 
FIG. 5C is a cross-sectional view of a part of a mod- 
ified bearer; 

FIG. 6 is a block diagram showing a control system 
of the alignment apparatus of FIG. 1 ; 
FIGS. 7 A and 7B are views showing a wafer, in 
which FIG. 7A is a schematic layout mainly showing 
chips for alignment, and FIG. 7B is an enlarged plan 
view of one of the chips shown in FIG. 7A; and 
FIGS. 8 A, 8B and 8C are respectively views for il- 
lustrating different steps of alignment operation for 
a wafer and bumps of a contactor. 

An embodiment of the present invention will now be 
described in detail with reference to the accompanying 
drawings of FIGS. 1 to 8C. 

As shown in FIG. 1 , a wafer-contactor alignment ap- 
paratus (hereinafter referred to simply as "alignment ap- 
paratus") according to the present embodiment com- 
prises an alignment apparatus body (hereinafter re- 
ferred to simply as "apparatus body") 10 for aligning wa- 
fers W and a transportation system 60 located adjacent 
to the apparatus body 10. The transportation system 60 
serves to carry wafer bearers 40 and contactors 50 into 
the apparatus body 1 0 and raise and lower transporta- 
tion vessels (hereinafter referred to as "transportation 
cassettes" or simply as "cassettes") 70. 

As shown in FIGS. 1 to 3, the apparatus body 10 
comprises a cassette bearing section 11, a loader sec- 
tion 13, an alignment section 14, a controller 15, and a 
display d vice 16. Th cassette bearing s ction 11 car- 
ries ther on one or two cassettes C (two cassettes as 
illustrated) each containing a plurality of wafers W that 
are held horizontally each and arranged vertically at nar- 
row intervals. The loader section 13 includes a fork or 
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forks 12 for transporting the wafers W in the cassette C. 
The alignment section 1 4 aligns the wafer W transported 
by means of the fork 12 of the loader section 13. The 
controller 15 controls the alignment section 14, loader 
section 1 3, and transportation system 60 in accordance s 
with specific programs. The display device 16 doubles 
as a control panel for operating the controller 15. 

The loader section 13 is provided with a sub-chuck 
17 for pre-aligning the wafers W with reference to the 
orientation flat of each wafer. In the loader section 13, io 
the fork 1 2 takes out and transports each wafer W from 
the cassette C. After the wafer W is pre-aligned on the 
sub-chuck 17, it is transported to the alignment section 
14. The alignment section 14 includes a moving body 
18, movable in X-, Y-, Z- and G-directions and having a *5 
level upper surface, and an alignment mechanism 19 
for aligning the wafer W that is placed onto the upper 
surface of the moving body 18 via the wafer bearer 40. 
The wafer bearer 40 may be fixed to the upper surface 
of the moving body 18 by vacuum suction or the like, as 20 
mentioned later, and supports the wafer W transported 
by the fork 1 2, thereon. 

As shown in FIGS. 2 and 4, the moving body 18 is 
provided with a main chuck 20, an X-table 21, and a Y- 
table 22, and is moved in the aforesaid manner on a 2s 
base 24 by means of a drive mechanism 23. The main 
chuck 20 can carry the wafer bearer 40 thereon, and is 
movable in the Z- and 0-directions. The X-table 21 has 
the main chuck 20 fixed thereon, and is movable in the 
X-direction The Y-table 22 has the X-table 21 fixed ther- 30 
eon, and is movable in the Y-direction. As shown in FIG. 
4, the drive mechanism 23 comprises an X-direction 
drive mechanism 25 for driving the X-table 21, a Y-di- 
rection drive mechanism 26 for driving the Y-table 22, 
and a lifting/ rotating mechanism (not shown) for driving 35 
the. main chuck 20 in the Z- and 9-directions. The main 
chuck 20 is formed having three vertical holes in posi- 
tions corresponding individually to the vertices of an 
equilateral triangle that has its center of gravity on the 
center of the chuck 20. Three delivery pins 20A (one of «o 
which is shown in FIG. 5B) are arranged individually in 
these holes for up-and-down motion. Each of these pins 
20A is movable between a down position indicated by 
full line in FIG. 5B and an up position indicated by two- 
dot chain line. The pins 20A receive the transported wa- <*5 
fer W thereon from the fork 12 in the up position above 
the upper surface of the wafer bearer 40, and descend 
to place the wafer on the bearer 40. This up-and-down 
motion of the delivery pins is achieved by means of a 
drive mechanism, e.g., a plunger mechanism, in the so 
main chuck 20. 

As shown in FIG. 4, the X-direction drive mecha- 
nism 25 includes a pair of guide rails 25A, a ball screw 
25B, and an X-motor (not shown) for rotating the screw 
25B. The rails 25A are fixed on the Y-table 22 so as to 55 
extend in the X-direction, and are individually in engage- 
ment with a pair of grooves on the lower surface of the 
X-table 21 so that the X-table is slidable on the rails. The 



screw 25B has one end portion thereof screwed in a 
screw hole formed in a side face of the X-table 21 , and 
is rotatable so as to move the X-table along the guide 
rails 25A. The movement of the X-table 21 is detected 
by an encoder (not shown) that is attached to the X-mo- 
tor. The Y-direction drive mechanism 26 includes a pair 
of guide rails 26A arranged in the same manner as those 
,of the X-direction drive mechanism 25. 'a ball screw 26B : 
a Y-motor 26C, and an encoder 26D for delecting the 
movement of the Y-table 22. The main chuck 20 con- 
tains therein a Z-direction drive mechanism (not shown) 
for moving the same in the Z-direction and a rotation 
mechanism (not shown) for rotating the chuck in the 0- 
direction. 

A fixed plate 27 extends horizontally along a part of 
the peripheral surface of the main chuck 20. First image 
pickup means (hereinafter referred to as "first camera") ♦ 
28, formed of a high-magnification CCD camera, is lo- 
cated on the fixed plate 27. The first camera 28 picks 
up an enlarged image of the overlying contactor 50, and 
causes it to be displayed on a display screen 1 6A of the 
display device 16. Further, a low-magnification CCD 
camera 29 is located adjacent to the first camera 28 on 
the fixed plate 27. The camera 29 picks up an image of 
a wider region of the contactor 50, and causes it to be 
displayed on the screen 16A of the display device 16. 
Located on the fixed plate 27, furthermore, is a target 
30, which extends at right angles to the optical axis of 
the first camera 28 and serves for focusing. The target 
30 is movable with respect to the position 'of the focus 
of the first camera 28. The target 30 is formed of, for 
example, a glass plate and a metallic film of 140 jam di- 
ameter deposited on its surface. The first camera 28 rec- 
ognizes the image with use of the metallic film as a ref- 
erence pattern, and the target 30 serves as a focusing 
plane. 

As shown in FIG. 3, the alignment mechanism 19 
is provided in the alignment section 1 4. The mechanism 
1 9 includes a pair ol parallel guide rails 1 9B, fixed to the 
apparatus body and extending in the X-directbn, and 
an alignment bridge 1 9A guided by these guide rails and 
movable in the X-direction (direction indicated by the ar- 
row in FIGS. 2 and 4) in a space between the moving 
body 1 8 and the contactor 50. The bridge 1 9A is provid- 
ed with second image pickup means (hereinafter re- 
ferred to as "second camera") 31 , formed of a CCD cam- 
era that can be switched between high- and low-magni- 
fication modes. The second camera 31 picks up a low- 
or high-magnification image of the wafer W on the wafer 
bearer 40, and causes it to be displayed on the display 
screen 1 6A of the display device 1 6. The focusing plane 
of the second camera 31 , like that of the first camera 28, 
can be obtained by recognizing the image of the metallic 
film of the target 30: The alignment mechanism 19 in- 
cludes the first camera 28, target 30, tc, besides the 
alignment bridge 19A and the second camera 31. 

As shown in FIGS. 1 to 3, the transportation system 
60 is an apparatus for independently transporting the 
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cassettes 70, contactors 50, and wafer bearers 40, and 
comprises a first lift mechanism 61 for raising and low- 
ering a plurality of cassettes 70 together, a second lift 
mechanism (not shown) for raising and lowering a plu- 
rality of contactors 50, and a third lift mechanism (not 
shown) for raising and lowering a plurality of wafer bear- 
ers 40. The raising and lowering directions of these 
mechanisms are indicated by the arrows in FIG. 1 . The 
transportation system 60 comprises a bearer/contactor 
transfer mechanism 62 for transferring the wafer bear- 
ers 40 from the third lift mechanism onto the main chuck 
20 of the moving body 1 8 and transferring the contactors 
50 from the second lift mechanism to a contactor sup- 
port mechanism (mechanism for placing each contactor 
on a circular aperture in the center of a head plate), 
which is located in the apparatus body so as to support 
each contactor over the main chuck. Although the con- 
tactor transfer mechanism and the bearer transfer 
mechanism are integrated into the common mechanism 
62 according to the present preferred embodiment, they 
may alternatively be independent mechanisms. 

As shown in FIG. 2, the first lift mechanism 61 is 
constructed like a conventional one, and comprises a 
support base 61 A for carrying and supporting the trans- 
portation cassettes 70 stacked in layers thereon, a ball 
scr w 61 B for raising and lowering the base 61 A, and a 
motor 61 D for rotating the screw 61 B through the medi- 
um of a gear train 61 C. As the screw 61 B is rotated by 
the motor 61 D, it causes the cassettes 70 on the support 
base 61 A to ascend or descend. The second and third 
lift mechanisms (not shown) are constructed substan- 
tially in the same manner as the first lift mechanism 61 . 

As shown in FIG. 3, the transfer mechanism 62 in- 
cludes a multi-joint arm 62B, which is supported on the 
body of the transportation system by means of a support 
post 62A so as to be turnable within a horizontal plane. 
The arm 62B alternatively transfers the uppermost one 
of the contactors 50 on the second lift mechanism and 
the uppermost one of the wafer bearers 40 on the third 
lift mechanism in succession to the main chuck 20 in the 
apparatus body 10. The support post 62A extends and 
contracts in the Z-direction, thereby causing the multi- 
joint arm 62B to move in the Z-direction. Since this hor- 
izontally turnable, vertically movable mechanism for tak- 
ing out articles from a given region, transporting them, 
and then placing them on another given region is gen- 
erally known as, for example, a wafer transportation 
mechanism in the field, a detailed description of its ar- 
rangement is omitted. In FIG. 1, the wafer bearers 40, 
transportation cassettes 70, and contactors 50 are all 
illustrated in layers. Actually, however, they are held hor- 
izontally each and arranged vertically with regular gaps 
between them in exclusive vessels. 

According to the preferr d embodiment, the trans- 
fer mechanism 62 of the transportation system 60 dou- 
bles as an aggregate transportation mechanism (not 
shown) for transporting each aggregate or unit (not 
shown) combining the wafer bearer 40 and the contactor 



50 f rom the moving body 1 8 to a desired one of the trans- 
portation cassettes 70 supported by the first lift mecha- 
nism 61 . Alternatively, however, the aggregate transpor- 
tation mechanism may be constructed independently. 
5 The wafer bearer transfer mechanism for transporting 
the wafer bearers 40 from their corresponding lift mech- 
anism onto the moving body 18, the contactor transfer 
mechanismfor transporting the contactors 50 from their 
corresponding lift mechanism onto the moving body 1 B, 

io and the mechanism for transporting the bearer-contac- 
tor aggregates from the moving body 18 into the cas- 
settes 70 may be integrated into the common transfer 
mechanism 62, as in the case of this preferred embod- 
iment, or constructed separately. Alternatively, any two 

is of the three mechanisms may be integrated into a com- 
mon mechanism.' The way of arranging these mecha- 
nisms is selected depending on whether greater impor- 
tance is attached to the inspection speed or to the com- 
pactness of the resulting structure. 

20 As shown in FIGS. 5A and 5B, each wafer bearer 
40 has a hollow disk-shaped body 41 that is composed 
of disk-shaped top and bottom walls 41 B and 41 C, 
which extend parallel to each other, and a peripheral 
wail 41 D. The walls 41 B and 41 C are spaced vertically 

25 so as to define an annular space 41 A between them, 
which forms a first gastight chamber. The body 41 is 
formed of a metal such as aluminum. The peripheral wall 
41 D has an annular projection 44 which vertically ex- 
tends from the top wall 41 B. The upper edge of the pro- 

30 jection 44 is rounded to linearly contact with the under 
surface of the contactor 50. 

Instead of the annular projection 44, an O-ring 44A 
may be used, which is received in an annular groove 
formed in the top wall 41 B to project from the upper sur- 

35 face of the top wall, as shown in FIG. 5C. 

The peripheral side of the wall 41 D of the body 41 
is provided with first and second gas ports 42 and 43, 
which project therefrom. The first gas port 42 opens into 
the first gastight chamber 41 A, and the second gas port 

40 43 into a second gastight chamber (gastight space) 41 E . 
The chamber 41 E is defined between the wafer bearer 
40 and its corresponding contactor 50 when a wafer W 
is supported on a bearing region of the upper surface of 
the top wall 41 B and the contactor 50 is integrated with 

45 the bearer 40 into a unit by being abutted on the circular 
projection on 44 or the O-ring 44A (FIG. 5C). The gas 
ports 42 and 43 are provided individually with valves that 
are opened or closed as gas supply pipes 42A and 43A 
are inserted into or removed from the gas ports. More 

so specifically, when the pipes 42A and 43A are inserted 
into the gas ports 42 and 43, respectively, the valves 
connect these pipes and their corresponding gastight 
chambers. When the supply pipes are removed from the 
ports, the valv s close th gastight chambers against 

55 theatmospher . The gas supply pip s42Aand43Aar 
arranged on the apparatus body 10 so that they can be 
moved by a drive mechanism (not shown) between an 
inserted position in which they are inserted individually 
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in the ports and a standby position in which they are re- 
moved from the ports, as described above. The pipes 
42A and 43A are connected alternatively to a source of 
a chemically inert gas, such as nitrogen gas, and an ex- 
haust device. Although these pipes are referred to as 
"gas supply pipes" for simplicity of expression herein, it 
is to be understood that they can serve also as exhaust 
pipes for exhausting the gastight chambers. 

The bearing region of the upper surface of the top 
wall 41 B of the hollow body 41 , which is surrounded by 
the annular projection 44 is a high-precision flat surface. 
The bearing region on which the wafer W is to be placed 
is formed having two concentric annular grooves 41 F 
and 41 ( G that are smaller in outer diameter than the wa- 
fer. The bottom surface of each of these annular grooves 
41 F and 41 G is formed with a plurality of through holes 
(not shown) that are arranged at predetermined inter- 
vals and open into the first gastight chamber 41 A. When 
the wafer W is placed on the bearing region of the top 
wall 41 B so as to cover the ring grooves 41 F and 41 G, 
the first gastight chamber 41 A is exhausted through the 
first gas port 42 and the first gas supply pipe 42A that 
is connected to the exhaust device. By doing this, the 
annular grooves 41 F and 41 G can be evacuated 
through the holes of the annular grooves 41 F and 41 G 
so that the wafer W is attracted to the upper surface of 
the top wall 41 B by vacuum suction. Thus, the wafer is 
fixed to the bearer 40 lest the two be sh ifted with respect 
to each other. The vacuum suction means for the wafer 
to be attracted to the bearer 40 is not limited to the an- 
nular groove or grooves, and may, for example, be a 
plurality of small holes in the bearing region that open 
into the gastight chambers 41 A. 

It is advisable to connect the first gas supply pipe 
42A to the gas source so that the gastight chamber 41 A 
is supplied with the inert gas and exhausted, thereby 
replacing the gas in the chamber 41 A with the inert gas, 
before the wafer is attracted to the bearer. 

The contactor 50 is placed on the annular projection 
44 so that the second gastight chamber (gastight space) 
41 E is defined between the contactor 50 and the upper 
wall 41 B, with the outer peripheral portion of the lower 
surface of the contactor 50 in touch with the projection 
44 on the body 41 throughout the circumference. In this 
state, the second gastight chamber 41 E is exhausted 
through the second gas port 43 and the second gas sup- 
ply pipe 43A that is connected to the exhaust device. By 
doing this, the contactor 50 is pressed toward the body 
41 so that the contactor 50 and the annular projection 
ring 44 are brought more intimately into touch with each 
other. Thus, the contactor 50 is attracted to the body 41 
by vacuum suction, and is fixed to the bearer lest the 
contactor and the bearer be shifted with respect to each 
other. 

It is advisable to connect the second gas supply 
pipe 43A to the gas source so that the gastight chamber 
41 E is supplied with the inert gas and exhausted, there- 
by replacing the gas in the chamber 41 E with the inert 



gas, before the aforesaid sucking operation. The re- 
spective exhaust degrees of tr^e first and second gas- 
tight chambers 41 A and 41 E are set so that' the first 
chamber 41 A is decompressed to a higher extent. In this 

5 manner, the wafer W is fixedly supported on the top wall 
41 B of the bearer 40 by vacuum suction, and the con- 
tactor 50 above the wafer is fixedly supported on the 
annular projection 44 of the bearer by suction. When the 
gas supply pipes 42A and 43A are disengaged from the 

io bearer 40 thereafter, the reduced pressure in the gas-' 
tight chambers is maintained, and the wafer W, bearer 
40, and contactor 50 are unitized into an aggregate that 
involves no shifting. 

Between the two annulangrooves 41 F and 41 G, the 

is body 41 is penetrated by through holes 41 H through 
which the three delivery pins 20A protruding from the 
main chuck 20 can be passed individually. That portion 
of each hole 41 H which is formed in the bottom wall 41 C 
has a diameter a little larger than the outer diameter of 

20 each pin 20A, and that portion of the hole 41 H which is 
formed in the top wall 41 C has a diameter much larger 
than the outer diameter of the pin 20A. The central por- 
tion of an elastic film 45, such as a silicone rubber film, 
projects and is inserted in the large-diameter portion of 

25 the through hole 41 H. The whole outer peripheral por- 
tion of the film 45 is screwed to the upper surface of the 
bottom wall 41 C with the aid of a gasket 46 in the form 
of a ring-shaped elastic body. The upper surface of the 
gasket 46 is in touch with the lower surface of the top 

30 wall 41 B, and an O-ring 47 is interposed between these 
surfaces. Thus, the first gastight chamber 41 A is isolat- 
ed gastight from the large-diameter portion pf the 
through hole 41 H by the elastic film 45, gasket 46. and 
O-ring 47. The central portion of the film 45, which 

35 projects into the large-diameter portion of the hole 41 H, 
is cylindrical in shape, and this cylindrical portion pref- 
erably contains a cap 48, into which the distal end por- 
tion of the pin 20A is fitted from the bottom. In order to 
receive the wafer W from the fork 12, each pin 20A 

40 projects upward from the top wall 41 B, as indicated by 
imaginary line in FIG. 5B. As this is done, the cap 48 
covers the top portion of the pin 20A and projects to- 
gether with the pin above the top wall 41 B. Thus, the 
distal end edge of the pin 20A can be prevented from 

45 directly touching and damaging the elastic film 45. 

The contactor 50 is composed of a disk-shaped 
substrate 50A formed of a material (e.g., quartz glass) 
that is substantially equal to the wafer W in the coeffi- 
cient of thermal expansion, a plurality of layers of wires 

50 formed on the surface of the substrate, and a group of 
contacts including bumps SOB that protrude substantial- 
ly at right angles or with some inclination from the sub- 
strate surface and are connected to the wires. The outer 
diameter of the substrate 50A is larger, preferably a littl 

55 larger, than that of the annular projection 44 and the O- 
ring 44A. Further, a ring-shaped surface region of the 
substrate 50A that is touched by the annular projection 
44 is a flat surface without any wires or the like thereon. 
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The bumps and contacts are formed of, for example, 
gold or a gilt material with high electrical conductivity, 
while the wires are formed of a high-conductivity mate- 
rial such as aluminum. 

As shown in FIG. 6, the controller 1 5 includes a cen- 
tral processing unit 32, an image processor 33, a mem- 
ory 34, and a motor control section 35, and serves to 
control the operation of the apparatus body 10 and the 
first, second, and third drive mechanisms of the trans- 
portation system 60. The central processing unit 32, for 
example, transmits control signals to the motor control 
section 35 in accordance with programs registered in 
the memory 34, thereby controlling the individual motors 
of the drive mechanism 23. Further, the processing unit 
32 receives pulse signals from the encoders, calculates 
movements in the X-, Y-, Z- and 0-directions, calculates 
position data on the moving body 18, or registers the 
memory 34 with data such as the results of calculation. 
The image processor 33 receives pickup image signals 
from the first and second cameras 28 and 31 and the 
like, subjects the signals to image processing, and caus- 
es the processed images to be displayed as pickup im- 
ages on the display screen 16A or registered as image 
data in an image memory. Further, the processor 33 
compares the pickup images with image data previously 
registered in the image memory, or determines whether 
the pickup images from the first and second cameras 
28 and 31 are focused or not. 

Referring now to FIGS. 7A, 7B, 8A, 8B and 8C, a 
method for collectively aligning the contactors 50 and 
the wafers W by means of the alignment apparatus of 
the present embodiment will be described. According to 
this alignment method using the alignment apparatus, 
specific electrode pads P of five IC chips T1 to T5, out 
of a large number of IC chips of the wafer W, and the 
bumps 50B of the contactor 50 corresponding thereto 
are aligned in succession in the alignment section 14 
under the control of the controller, as shown in FIGS. 7A 
and 7B. Thereafter, all the contacts of the contactor 50 
and all the pads of the wafer W are brought collectively 
into touch with one another. The following is a specific 
description of the alignment method. 

First, the wafer bearer 40 and the contactor 50 are 
arranged in predetermined positions in the alignment 
section 14 of the apparatus body 10, that is, on the cir- 
cular aperture in the center of the head plate and on the 
moving body 18, respectively, by means of the transpor- 
tation system 60 that operates in accordance with given 
programs under the control of the controller 15. More 
specifically, when the second and third lift mechanisms 
are actuated so that the uppermost contactor 50 and the 
uppermost wafer bearer 40 are brought to the height of 
the multi-joint arm 62B of the transfer mechanism 62, 
the m chanism 62 is actuat d so that its arm 62B re- 
ceives the uppermost bearer 40, and transports it onto 
the moving body 18. Th n, the arm 62B receives the 
uppermost contactor 50 and transports it to a position 
under the aperture of the head plate. The transported 



wafer bearer 40 is fixed on the moving body 18 by vac- 
uum suction, while the transported contactor 50 is sup- 
ported on the aperture by means of the- support mech- 
anism that are attached to the head plate. Subsequently ' 
s or in synchronism with this, the wafer W is transported 
from the cassette bearing section 11 to the alignment 
section 14 in the loader section 13 of the apparatus body 
■ 10, which operates in accordance with the given pro- 
grams under the control of the controller 15. More spe- 
10 cifically, the fork 1 2 is actuated in the loader section 1 3, 
and is inserted into the cassette C in the bearing section 
11 , as shown in FIG. 3. Then, the fork 12 holds the wafer 
W thereon by vacuum suction, and carries it out from 
the cassette C. Thereafter, the wafer W is transferred to 

is the sub-chuck 17 to be pre-aligned thereby. After the 
pre-alignment, the wafer W is received again from the 
sub-chuck 17 by the fork 12 and delivered to the align- 
ment section 14. Then, the fork 12, already held on 
standby in the alignment section 14, takes out and trans- 

20 ports the wafer W from the cassette, arid places it on 
the three delivery pins 20 A that project through the wafer 
bearer 40 on the moving body 1 8. As these pins are low- 
ered, the wafer is put on the center of the top wall of the 
bearer 40. Subsequently or during this operation, the 

2S gas supply pipes 42A and 43A are inserted into their 
corresponding gas ports 42 and 43. Then, the first gas- 
tight chamber 41 A is evacuated through the pipe 42A. 
As a result, the annular grooves 41 F and 416 are also 
evacuated, whereupon the wafer is attracted to the up- 

30 per surface of the top wall 41 B by vacuum suction. 

Before the wafer W is delivered onto the bearer 40, 
the low-magnification CCD camera 29 is moved to a po- 
sition under the contactor 50 as the moving body 18 is 
moved by the drive mechanism 23, in the alignment sec- 

3S tion 14. Further, the first camera 28 is raised up to the 
position corresponding to its locus, whereupon the CCD 
camera 29 recognizes the bumps 50B. Thereafter, the 
first camera 28 is moved to the position under the con- 
tactor 50, as shown in FIG. 8 A, whereupon it recognizes 

40 and picks up an image of the bump 50B that corre- 
sponds to an electrode pad P1 at a corner portion of the 
IC chip T1 (see FIGS. 8A and 8B) previously registered 
in a memory 34 of the contactor 50. The resulting image 
is aligned with a mark (+) in the center of the display 

45 screen 16A. Thereupon, the position of the bump SOB 
is calculated in the central processing unit 32 in accord- 
ance with pulse signals from the encoders based on the 
movement of the moving body 18 at that time, and is 
obtained in the form of positional coordinates (X1, Y1, 

so 21 ). These processed coordinates (X1 , Y1 , Z1 ) are reg- 
istered in the memory 34 through the processing unit 
32. Then, the first camera 28 is gradually moved coun- 
terclockwise to positions right under four bumps SOB 
that correspond individually to the four other IC chips T2 

55 to T5, whereupon positional coordinates (X2, Y2, Z2), 
(X3, Y3, Z3), (X4, Y4, Z4), and (X5 : Y5, Z5) for the indi- 
vidual bumps 50B are successively obtained in the 
same manner as aforesaid. These positional coordi- 
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nates are registered in the memory 34 through the cen- 
tral processing unit 32. 

Then, the respective optical axes of the first and 
second cameras 28 and 31 are aligned in the manner 
shown in FIG. 8B, and the respective reference posi- 
tions of the cameras are obtained. More specifically, af- 
ter the wafer W is delivered from the loader section 1 3 
and placed on the wafer bearer 40 on the moving body 
1 8 in the alignment section 1 4 by the fork 1 2, the align- 
ment bridge 19A moves horizontally in the region be- 
tween the moving body 18 and the contactor 50. and is 
stopped at a fixed position below the contactor 50. The 
target 30 is advanced over the first camera 28, where- 
upon the camera 28 is focused on the center of the tar- 
get 30 and recognizes the metallic film thereon, and the 
second camera 31 is also focused on the center of the 
target 30 and recognizes the metallic film. Thus, the re- 
spective optical axes of the first and second cameras 
28 and 31 are aligned with each other. Reference coor- 
dinates (X0, YO, Z0) for the point of intersection between 
the focusing plane and the optical axes in this state are 
calculated on the basis of the position of the moving 
body 16. The calculated values are registered in the 
memory 34. The movement of the first camera 28 at this 
time is detected by means of the encoders, so that the 
positional relationships between the positional coordi- 
nates and the reference coordinates for the bumps 50B 
can be obtained on a coordinate system. 

Thereafter, the center and diameter of the wafer W 
are obtained by means of the second camera 31 . After 
the target 30 is retreated from the focusing plane of the 
first camera 28, the moving body 18 is moved by the 
drive mechanism 23. As this is done, three points, for 
example, on the peripheral portion of the wafer W are 
detected by means of the second camera 31 . Based on 
the result of this detection, the center and diameter of 
the wafer Ware calculated by the central processing unit 
32 in accordance with the moved distance of the moving 
body 18, and the calculated values are registered in the 
memory 34. Subsequently a scribe line of the wafer W 
is surveyed at a low magnification by means of the sec- 
ond camera 31 , and the X- and Y-axes of the wafer W 
are rotated in the 9-direction to be aligned with the X- 
and Y-axes of the X- and Y-tables 20 and 22, respec- 
tively Thus, the IC chips T of the wafer W can be ar- 
ranged in line with the direction of index feed. 

When the moving body 18 is moved by the drive 
mechanism 23, moreover, an image of the wafer W on 
the moving body 1 8 is recognized by the second camera 
31 in the low-magnification mode. In the image proces- 
sor 33, the pickup image is compared with previously 
registered chip images that are unique images for align- 
ment, and a corresponding chip image is looked up. If 
the corresponding chip image is retrieved, the chip im- 
age magnified in the high-magnification mode is com- 
pared with previously registered unique chip images 
(see FIGS. 7A and 7B), and a corresponding chip image 
is retrieved. The retrieved image is registered as an im- 



age of the bumps SOB for alignment in the image proc- 
essor 33. If the corresponding chip image is retrieved, 
the camera is moved to the center, upper side, lower 
side, left-hand side, and right-hand side" of the wafer W 

s at a stroke equal to an integral multiple of the chip size 
that is previously known from the retrieved image. Dur- 
ing this movement, images of the wafer Ware compared 
with the previously registered unique chip images as 
they are picked up by means of the second camera 31 , 

io and corresponding chip images are successively 
fetched and registered in the image processor 33. The 
respective moved distances of the IC chips T1 to T5 in 
the X- and Y-directions of the wafer W and 0 are calcu- 
lated in the central processing unit 32, and are regis- 

is tered in the memory 34. 

After positional coordinates for five bumps 50B of 
the contactor 50 and positional coordinates for five elec- 
trode pads P are obtained in the aforesaid manner, the 
wafer W is moved in the horizontal direction so that the 

20 respective positional coordinates (X, Y) of the five 
bumps SOB in the X- and Y-directions and the respective 
positional coordinates (X, Y) of the five pads P in the X- 
and Y-directions are coincident. More specifically, the 
horizontal distances between the five bumps 50B and 

2S the five I C chips T are calculated by the central process- 
ing unit 32 in accordance with their respective positional 
coordinates (X, Y), and control signals based on these 
calculated values are transmitted from the processing 
unit 32 to the motor control section 35. Thereupon, the 

30 drive mechanism 23 is actuated to move the moving 
body 18 in the horizontal direction under the control of 
the control section 35. The mechanism 23 is stopped 
when the respective positional coordinates of the five IC 
chips T and the contactor 50 are aligned vertically. Fur- 

35 ther, the height at which the five bumps 50B and the five 
electrode pads P are in touch with one another is calcu- 
lated by means of the central processing unit 32 in ac- 
cordance with the respective Z-direction coordinate val- 
ues of the contactor 50 and the IC chips T. Control sig- 

40 nals based on these calculated values are transmitted 
from the processing unit 32 to the motor control section 
35, whereupon the drive mechanism 23 is actuated to 
move the moving body 18 upward under the control of 
the control section 35. Thus, the respective electrode 

45 pads P of the five IC chips Tare brought individually into 
touch with their corresponding bumps 50B. When the 
pads P and the bumps 50B are securely in electrical 
contact with one another, all the contacts of the contac- 
tor 50 and the bumps 50B are brought collectively into 

so touch with their corresponding electrode pads P of the 
wafer W, and the wafer W is sealed in the second gas- 
tight chamber 41 E between the wafer bearer 40 and the 
contactor 50 by the annular projection 44. 

When the wafer W and the contactor 50 (more ex- 

ss actly, all the electrode pads and all the contacts and 
bumps) are in touch with each other, nitrogen gas is sup- 
plied to the second gaslight chamber 41 E through the 
second gas supply pipe 43A and the second gas port 
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43. Then, the gas in the chamber 41 E is discharged 
through the port 43 and the 43A. As a result, the nitrogen 
gas pressure in the space (second gastight chamber) 
between the wafer bearer 40 and the contactor 50 is re- 
duced, whereupon the contactor 50 is attracted to the s 
annular projection 44 by vacuum suction and fixed on 
the bearer 40. If the supply pipes 42A and 43A are re- 
moved from their corresponding ports 42 and 43 in this , 
state, the valves attached to the ports 42 and 43 are 
closed. Accordingly, the first and second gastight cham- 10 
bers 41 A and 41 E are kept in a decompressed atmos- 
phere of an inert gas or nitrogen gas in a manner such 
that the degree of vacuum of the first gastight chamber 
is higher than that of the second gastight chamber. In 
consequence, an aggregate or unit is assembled com- ts 
bining the wafer bearer 40 and the contactor 50, which 
are prevented from relative movement, and the wafer W 
held between them. 

Each completed unit is transported into one of the 
cassettes 70, which are supported by the first lift mech- 20 
anism 61 , by means of the transfer mechanism 62 or 
any other transportation mechanism (not shown). 
Thereupon, a package is constructed including a cas- 
sette and a bearer-contactor-wafer unit housed therein. 

When a plurality of units are successively loaded 2s 
into all cassettes placed on the first lift mechanism 61, 
thereby forming packages in this manner, these pack- 
ages are transported from the apparatus to any other 
place or section, whereupon they are inspected or 
stored for inspection. Preferably, an aperture is formed 30 
beforehand in a bck plate of each cassette, that is, in 
that wall of the cassette which faces the contactor. An 
inspection member can be connected electrically to the 
wiring of the contactor through this aperture. 

According to the present embodiment, as described 3S 
above, there may be provided an alignment apparatus, 
which comprises the first camera 28 for picking up an 
image of each bump 50B of the contactor 50 removably 
mounted on the head plate of the alignment apparatus 
body 1 0, the moving body 1 8 having the first camera 28 *o 
fixed thereon and provided with the wafer bearer 40 for 
supporting the wafer W thereoa the drive mechanism 
23 for moving the moving body 18 in the X-, Y-, Z- and 
9-directions, the controller 15 for controlling the move- 
ments of the moving body 1 8 moved in the X-, Y-, Z-and *s 
e-directions by the drive mechanism 23, the second 
camera 31 for picking up an image of each electrode 
pad P of the wafer W on the moving body 18 moving 
under the control of the controller 15, and the memory 
34 for storing positions for the first and second cameras so 
28 and 31 to pick up the images. Images of the five 
bumps SOB distributed in the predetermined positions 
on the wafer W are picked up one after another by 
means of the first cam ra 28, the resp ctive positional 
coordinates of thes bumps 50B are stored in the mem- ss 
ory 34. Also, the electrode pads P corresponding to 
these bumps SOB are picked up by means of the second 
camera 31 , and the respective positional coordinates of 



the pads P are stored in the memory 34. The bumps 50B 
and the electrode pads P are aligned in a manner.such 
that the movements of the moving body T8 moved to the 
position for the alignment are calculated in succession 
by means of the central processing unit 32 in accord- 
ance with data on the corresponding positional coordi- 
nates of the bumps 50B and the pads P in the memory 
34. By doing this, all the bumps (contacts) SOB of the 
contactor 50 and their corresponding electrode pads P» 
of the wafer W can be quickly aligned with high accura- 
cy, and besides, can be brought collectively into touch 
with one another for certain. 

. The contactor 50, wafer bearer 40. and wafer W are 
■ unitized to be prevented from relative movement and 
housed in the cassette 70 in a manner such that the wa- 
fer is protected between the contactor and the bearer 
and that the contacts of the contactor and the electrode 
pads of the wafer are electrically in contact with one an- 
other. Accordingly, the unit can be kept in the transpor- 
tation cassette 76 as it is transported to an inspection 
stage. Preferably, means should be provided for pre- 
venting the unit from moving in the cassette 70. This 
means may be formed of a pair of elastic members that 
elastically hold the unit, an elastic member that presses 
the unit against the inner wall of the cassette, or a cas- 
sette having an inner width substantially equal to the 
outer diameter of the unit. 

Further, the transportation system 60 for transport- 
ing the'transpoftation cassettes 70, contactors 50, and 
wafer beacers 40 is located adjacent to the alignment 
apparatus body 10. The system 60 comprises the first 
lift mechanism 61 for raising and lowering the transpor- 
tation cassettes 70, the second lift mechanism for rais- 
ing and lowering the contactors 50, the third lift mecha- 
nism for raising and lowering the wafer bearers 40, and 
the transfer mechanism 62 for transporting each con- 
tactor 50 to the predetermined position over the moving 
body 1 8 and transferring each wafer bearer 40 onto the 
main chuck 20 of the moving body 18. Thus, a plurality 
of wafers W can be automatically aligned one after an- 
other. 

The embodiment described above is only an exam- 
ple of the present invention. The mechanism for trans- 
porting the wafers W, wafer bearers 40, etc. can be suit- 
ably designed as required, and the design of the bearer 
40 may be changed if necessary. 

In an aspect of the present invention, there may be 
provided a wafer-contactor alignment apparatus capa- 
ble of quickly aligning all the contacts of the inspection 
contactor and their corresponding electrode pads of the 
wafer with high accuracy. 

In another aspect of the invention, there may be pro- 
vided a wafer-contactor alignment apparatus capable of 
transporting the aligned semiconductor wafer and in- 
spection contactor in one to the inspection stage. 

In still another aspect of the invention, there may b 
provided a wafer-contactor alignment apparatus capa- 
ble of automatically aligning a plurality of semiconductor 
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wafers and wafer bearers one after another. 
Claims 

5 3. 

1. An apparatus for aligning a plurality of contacts 
formed on an inspection contactor (50) and a plu- 
rality of electrodes corresponding in number to all 
chips formed on a semiconductor wafer (W) and to 

the electrodes, in bringing the contacts and the 10 
electrodes collectively into touch with one another, 
the alignment apparatus comprising: 

i an apparatus body (10); 

a moving body (18) located in the apparatus 15 4. 
body so as to be movable in X-, Y- Z- and 6- 
directions and having the first image pickup 
means fixed thereon; 

a wafer bearer (40) capable of being located on 

the moving body and supporting the semicon- 20 5. 

ductor wafer; 

drive means (22) for moving the moving body, 
having thereon the bearer supporting the sem- 
iconductor wafer, in the X-, Y-, Z- and e-direc- 
tions: and 25 
control means (15) for controlling movements 
of the moving body moved in the individual di- 
rections by the drive means, characterized by 
further comprising 

first image pickup means (28) for picking up an 30 
image of the inspection contactor located in the 6. 
apparatus body; 

second image pickup means (31 ) for picking up 
an image of the semiconductor wafer on the 
bearer moving under the control of the control 35 
means; 

storage means (33, 34) for storing positions for 
the first and second image pickup means to 
pick up the images; and 

means (15) for causing the first image pickup *<> 
means to pick up an image of the contact, caus- 
ing the storage means to store the position of 
the contact, causing the second image pickup 
means to pick up an image of the electrode cor- 
responding to the contact, causing the storage 
means to store the position of the electrode, 
and causing the control means to align the con- 
tact and the electrode in accordance with the 
respective positions of the contact and the elec- 
trode. 50 

2. An apparatus according to claim 1 , characterized 

by further comprising means (62) for transporting 7. 
the inspection contactor to a region over the moving 
body, means (62) for transporting the wafer bearer ss 
onto the moving body, and means (1 2) for transport- 
ing the semiconductor wafer onto the bearer on the 
moving body, and wherein said drive means moves 



the moving body in- the 0-direction so that the 
aligned contact and the electrode corresponding 
thereto are brought into touch with each dther. 

An apparatus according to claim 2, characterized 
by further comprising means for fixing the inspec- 
tion contactor (50), having the contacts thereof and 
the electroples corresponding thereto in touch with 
one another, the semiconductor wafer, and the 
bearer so as not to be shifted with respect to one 
another, thereby forming an aggregate including the 
inspection contactor, the semiconductor wafer (W), 
and the bearer (40). 

An apparatus according to claim 3, characterized 
by further comprising a cassette (70) capable of 
containing the aggregate (40, 50, W) and means for 
transporting the aggregate into the cassette. 

An apparatus according to claim 4, characterized in 
that said transportation means for transporting the 
cassette, the inspection contactor, and the wafer 
bearer are arranged adjacent to the apparatus 
body, and include a first lift mechanism (61 ) for rais- 
ing and lowering a plurality of cassettes, a second 
lift mechanism for raising and lowering a plurality of 
inspection contactors, and a third lift mechanism for 
raising and lowering a plurality of wafer bearers, re- 
spectively. 

An alignment apparatus comprising: 

a wafer bearer (40) for carrying thereon a sem- 
iconductor wafer (W) formed, on one surface 
thereof, with a plurality of chips each including 
a plurality of electrodes, 
an inspection contactor (50) having a plurality 
of contacts corresponding individually to the 
electrodes and supported over the wafer bearer 
so that the contacts are situated on the semi- 
conductor-wafer side; and 
means (23) for bringing the contacts and the 
corresponding electrodes into touch with one 
another for alignment, characterized by further 
including 

fixing means for fixing the inspection contactor 
and the semiconductor wafer so as not to be 
shifted with respect to each other, with the con- 
tacts and the electrodes in alignment with one 
another, thereby forming a unit; and 
a cassette (70) for holding the unit therein. 

An alignment apparatus according to claim 6, 
wherein said bringing means includes a moving 
body (18) having an upper surface on which the wa- 
fer bearer is placed, the moving body including at 
least three wafer delivery pins (20A) capable of ex- 
tending from the upper surface thereof, and said 
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wafer bearer includes through holes, in which the 
delivery pins are inserted so as to be projectable 
from the bearing region, and means (45) for hermet- 
ically sealing the spaces between the through holes 
and the gastight chamber 5 

An alignment apparatus comprising: 

an alignment apparatus body (10); and 

a transportation system (60), characterized in io 

that 

the transportation system supports a plurality 
of cassettes (70) for integral movement, sup- 
ports a plurality of contactors (50) for integral 
movement, and a plurality of wafer bearers (40) is 
for integral movement; 

the alignment apparatus body includes a cas- 
sette bearing section for carrying thereon the 
cassettes each containing a plurality of semi- 
conductor wafers, an alignment section in 20 
which one of the contactors and one of the wa- 
fer bearers are opposed to each other so that 
the contactor and one of the semiconductor wa- 
fers placed on the wafer bearer are aligned and 
integrated together with the wafer bearer into a 2s 
unit, and a loader section provided with wafer 
transportation means for transporting the sem- 
iconductor waf erf rom the cassette bearing sec- 
tion to the alignment section; and 
the transportation system includes transporta- 30 
tion means (62) for transporting the one con- 
tactor and the wafer bearer to the alignment 
section and transporting the unit from the align- 
ment section into one of the cassettes, and 
means (15) for controlling the transportation 35 
system and the alignment apparatus so that the 
transportation of the wafer bearer, the contac- 
tor, and the semiconductor wafer to the align- 
ment section, the alignment between the con- 
tactor and the semiconductor wafer, the inte- *o 
gration of the contactor, the semiconductor wa- 
fer, and the wafer bearer, and the transportation 
of the unit into the cassette are repeated in suc- 
cession. 

45 
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(54) Apparatus for aligning a semiconductor wafer with an inspection contactor 



(57) An aligning apparatus includes a first image 
pickup camera (28) for picking up an image of an inspec- 
tion contactor (50), a moving body located so as to be 
movable in X-, Y-, Z- and 0-directions and having the 
first image pickup camera fixed thereon, a wafer bearer 
capable of being located on the moving body and sup- 
porting a semiconductor wafer, a control circuit for con- 
trolling movements of the moving body moved in the in- 
dividual directbns, and a second image pickup camera 
(31 ) for picking up an image of the semiconductor wafer 



on the bearer moving under the control of the control 
circuit. Positions for the first and second image pickup 
cameras to pick up the images are stored, the first image 
pickup camera picks up an image of the contact, the po- 
sition of the contact is stored, the second image pickup 
camera picks up an image of an electrode of a chip cor- 
responding to the contact, the position of the electrode 
is stored, and then the contact and the electrode are 
aligned with each other in accordance with the respec- 
tive positions of the contact and the electrode. 
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